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@ Process for making a brush with serf retention of bristles and brush made by the process. 



© A process for manufacturing a brush having an integral 
bristle retention feature. One end of each bristle tuft to be 
inserted into a molded brush body is fused into a ball-shaped 
mass. The body is molded around the mass, thereby 
anchoring the tufts in the body. 
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"Process far making a brush with self retention of bristles and brush 
made by the process" 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to brush making and in particular to a 
method for manufacturing a brush having bristles securely anchored in a 
5 molded body, and to a brush thus manufactured. 

2. Description of the Prior Art 

It is camon practice in the art of brush making to first mold 
a brush body with a pattern of bristle-receiving holes and to then secure 

10 bristle tufts in the holes by means of wire staples which are rammed into 
the holes along with looped ends of respective tufts. Although this pro- 
cess produces acceptable brushes, brush makers have long sought to deve- 
lop a simple process whereby the body is molded directly around the ends 
of the bristles to secure them in place, thereby eliminating the need for 

15 staples. 

Stapleless brush making processes have been known since at least 
1870, when U.S. Patent 105,373 issued. This patent discloses a brush 'ma- 
king process in which a molding material is introduced into the cavity of 
a irold having perforations in one side through which bristle tufts have 

20 been inserted such that looped ends of the tufts project into the cavity. 
This side of the mold is made of parallel strips which can be separated 
along the perforations after the molding material forming the brush body 
has hardened, to facilitate removal of the bristles from the mold side 
without loosening or extracting the bristles from the body. The use of 

25 separable strips is an indication of the inability of the molded back to 
securely hold the bristles. Such a separable side is also incompatible 
with the high pressure injection molding techniques used today for high 
speed brush production, because the areas between facing surfaces of the 
strips would provide leakage paths for the injected molding material. 

30 Processes for injection molding brush bodies directly around the 

ends of bristles are disclosed in U.S. Patents 2,298,156, 2,317,110 and 
3,026,146. In each of these processes a perforated side of the mold, 
through which bristle tjft ends are inserted into the mold cavity, is 
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farmed fran a unitary plate. This type of plate eliminates the major 
leakage paths which exist in a separable plate, but does not eliminate 
leakage through the perforations around the tufts. Further, to inprove 
bristle retention each of these patents discloses the use of a perforated 
5 bristle supporting insert which is positioned inside the mold cavity such 
that its perforations align with the bristle insertion perforations in the 
side of the mold. The ends of the bristle tufts are then inserted into 
the cavity through the aligned perforations and the molding material is 
injected around the insert, which beccmes an integral part of the brush 
10 body. While such inserts might inprove bristle retention, they cannot be 
used in the manufacture of small thin brushes. The use of inserts also 
increases the cost of materials needed to produce brushes, complicates 
the manufacturing process, and increases the probability of producing de- 
fective brushes. The inserts must be specially made, means most be pro- 
15 vided to position them in the mold cavity and to align their perforations 
with those in the perforated mold side, and any deformed or misaligned 
inserts which prevent proper bristle insertion will cause the respective 
brushes to be rejected. 

Injection molding processes utilizing clamping means for preven- 
20 ting leakage of molding material through bristle insertion perforations 
are disclosed in U.S. Patents 2,643,158 and 3,610,692. In each of these 
patents, clamping means are forced against the sides of the bristle tufts, 
where they protrude from the mold perforations, to prevent molding mate- 
rial from leaking through the perforations. Such clamping means add ccm- 
25 plexity to the mold apparatus, and the applied clamping force must be ac- 
curately controlled to prevent permanent deformation or severance of the 
bristles. Patent 2,643,158 also discloses a process including fusion of 
the ends of the bristles in each tuft projecting into the mold cavity to 
secure the bristles together. To ensure that heat applied to fuse the 
30 ends of the bristles does not deteriorate any substantial length of the 
bristles, heating is effected by bringing an iron into contact with only 
the very ends of the bristles. Although fusion of the ends of the brist- 
les in this manner might secure individual bristles within a tuft, it does 
little to inprove retention of the tufts themselves. 

35 

SUMMARY OF THE INVENTION 
It is an object of the invention to provide a brush making pro- 
cess which securely anchors the bristles in an injection molded body 
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without using staples, inserts or any other supplementary bristle retai- 
ning members. 

It is another object of the invention to provide such a process 
which enables the use of a simple mold and which does not require special 
5 clamping maans to prevent leakage of injected molding material. 

It is yet another object of the invention to provide a brush ha- 
ving a configuration which effects self retention of the bristles. 

These and other objects are achieved by a series of process 
steps for producing a type of bristle tuft and brush body which are con- 
10 figured such that they cooperate to effect self-retention of the tuft in 
the body. In accordance with the invention, at least one bristle tuft is 
inserted into a respective hole in a first mold member such that a length 
of the tuft protrudes from a side of the member which will subsequently 
form an inner surface of a mold cavity for the brush body. At least a 
15 portion of the protruding length of tuft is then fused into a mass having 
a larger cross-section than that of the hole at the inner side of the 
nold number. The first nold member is then mated with a second mold member , 
to define the mold cavity for the brush body, and molding material is in- 
jected into the cavity. The molding material presses against the fused 
20 mass, plugging the hole, and also flows between at least the widest por- 
tion of the mass and the inner surface of the first mold member as the 
material fills the cavity and takes the form of the brush body. The ma- 
terial flowing between the fused mass and the first mold member forms an 
integral tuft retaining portion of the brush body which partially surrounds 
25 ani securely anchors the fused mass, and thus the tuft, in the body. 

The word fusion, as used in this specification, is defined as the 
transformation of a substance to a plastic state by heat or other means, 
including chemical means. Accordingly, fusion of the end of a tuft may be 
effected by a wide variety of techniques including heat transfer from hot 
30 fluid flowing across the end, radiant heat application, exothermic chemi- 
cal reaction, ultrasonic vibration , and application of a solvent. In a 
preferred embodiment, fusion is accorplished by electrically heating an 
inert gas and blowing the heated gas across the end of the tuft. 

By use of the invention the brush making process is sinplif ied 
35 and yet produces a new type of brush featuring self-retention of the 

bristles. Injection molding and bristle retention are effectively combined 
into one operation while eliminatixig the need for supplementary means for 
anchoring the bristles in place. 
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BRIEF DESCRIPTION OF TOE DRAWING 

Exeitplary embodiments of the invention will new be described 
with reference to the drawing in which: 

Figures 1A-G illustrate a series of process steps for manufac- 
5 taring a brush in accordance with the invention; 

Figures 2A-2C illustrate some different tuft end shapes which 
can be fanned during bristle insertion; 

Figure 3 is an enlarged view of a portion of Figure 1C # showing 
a single tuft after a fusion step has been performed; 
10 Figure 4 is an enlarged view of a portion of Figure 1D, showing 

the same tuft after an injection step has been performed; 

Figure 5 is an isometric view of the finished brush manufactured 
by the process steps illustrated in Figs, 1A-1G; and 

Figures 6A-6C illustrate a variety of tuft configurations in ac- 
15 cordance with the invention. 

BRIEF DESCRIPTION OF TOE PREFERRED EMBODIMENTS 
Figure 1A depicts the insertion of bristle tufts 10 into a pat- 
tern of bristle receiving holes 12 formed through an index plate 14 which 
20 is shown in section to expose the interiors of seme of the holes. The in- 
dex plate 14 is preferably disc-shaped and is mounted to rotate around a 
central axis (not shown) such that the pattern of bristle receiving holes 
can be easily indexed from one station to the next during the steps of 
the brush making process. Each of the holes formed through the plate has 
25 a widened portion 15 near a front side 16 of the plate to facilitate in- 
sertion of the bristle tufts. During the step depicted in Figure 1A, a 
bristle insertion machine located at a first station inserts the tufts 
into the holes. The tufts can be either precut and fed to the machine, 
or the machine itself can cut tufts from a bundle of continuous strands 
30 of bristle material. If precut tufts are used, they can be either looped 
at the end to be inserted or cut on both ends, as shown, The thickness of 
the index plate is approximately equal to the desired length of the tufts 
in the finished brush. The tufts 10 should be sufficiently long so that 
approximately 3 to 5 millimeters protrudes from the back side 18 of the 
35 plate after the tufts are pushed into their final positions in the holes. 

Final positioning is illustrated in Figure 1B where a backing 
plate 20 has been pushed against exposed ends of the tufts until they are 
flush with the front side 16 of the index plate 14. The bristle contacting 
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surface of the backing plate can be planar as shewn, thus farming the end 
of each tuft into a flat shape, or it can be configured to 'form the ends 
of the tufts into other shapes more suitable to a particular use for which 
the brush being manufactured is intended. Scene useful tuft end shapes in- 
clude the convex, conical and concave shapes shown in Figures 2A, 2B and 
2C, respectively. 

After the tufts have been positioned and shaped by the backing 
plate 20, heat is applied to fuse the lengths of the tufts protruding frcm 
the back side 18 of the index plate 14. This step is illustrated in Figure 
1C which shows the protruding lengths fused into roughly ball-shaped mas- 
ses 22 by the applied heat shown schematically fcy wavy lines 24. An en- 
larged view of one of the fused masses 22 is presented in Figure 3, which 
illustrates the circled portion of Figure 1C. The type and magnitude of 
heat energy applied is detenriined primarily fcy the type of bristle mate- 
rial used. If a natural color bristle material such as DUPCNT NC410 is 
used, a sinple method, such as flame heating, can be employed to fuse the 
protruding ends of the tufts. This material does not blacken when a flame 
frcm a burner utilizing a cannon gas such as natural gas, propane gas or 
oxy-acetylene is passed across the toft ends. It is desixeable that the 
ends of the tufts which are heated do not blacken if a transparent molding 
material is used to form the brush body, because the blackened ends would 
be visible through the body. In another method for fusing the tuft ends 
without blackening, an inert gas such as nitrogen is heated by passing 
it through an electric heating coil, and the heated gas is then blown 
down across the tuft ends until the individual bristles in each tuft end 
melt together and deform to the ball-shaped mass shown in Figure 3. Hea- 
ted air can also be used, but the tenperature of the air and the duration 
of the heat application to the tuft ends must be more carefully control- 
led to ensure that they are not heated to their ignition temperature. 
Other fusion techniques which may be utilized include heat radiation, 
ultrasonic vibration, and the temporary application of a solvent or a hot 
solution to the tuft ends. Such a solution could be preheated or could be 
chemical bath undergoing an exothermic reaction. 

After fusion, the backing plate 20 is withdrawn and the index 
plate 14 is rotated to an injection molding station as illustrated in 
Figure 1D, where a clamp plate 24 and a mold part 26 are pressed against 
opposite sides of the index plate 14. The clarrp plate 24 functions to sup- 
port the index plate 14 against the relatively high force applied thereto 
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fcy the mold part 26 to prevent leakage of injected Holding material be- 
tween the juncture of plate 14 and part 26. The complete mold includes both 
the portion of the index plate containing the bristles, which forms one 
side of a mold cavity 28, and the mold part 26, which forms the remainder 
5 of the cavity. Mold part 26 is itself formed by two separable mold mem- 
bers — a cavity plate 30 and a mold core 32. As is more fully explained 
below, the part 26 is made separable to facilitate removal of a conpleted 
brush. 

After the cavity 28 is formed, a plastic molding material 34 is 
10 injected into the cavity through a port 36 with sufficient pressure to 
fill the cavity and take the form of the brush body. It is during this in- 
jection step that the fused masses 22 cooperate with the injected material 
to both prevent leakage through the tuft receiving holes 12 and to form 
integral tuft retaining means. This cooperation is best illustrated in 
15 Figure 4 \tfiich is an enlarged view of the circled portion of Figure 1D 
showing an exemplary one of the fused masses 22 surrounded by molding ma- 
terial 34 which is still in its liquid state. The arrows in Figure 4 re- 
present the forces applied to the fused mass by the pressurized molding 
material and make clear both how the fused mass plugs the hole 12 against 
20 leakage and hew the respective integral retaining portion of the brush 
body is formed. 

Forces F r F 3 tend to force the fused mass 22 against the plate 14 
which produces equal but opposite counteracting forces (not shown) . These 
counteracting farces are necessarily applied fcy the plate 14 to the fused 

25 mass 22 at their only cosmrai contact surface, which is an annular rim 38 
arcund the hole 12 where the fused mass 22 is pressed against the plate 14 
by forces F^-F^. Because of the concentration of the counteracting forces 
at this rim, a tight seal is formed between the fused mass and the plate, 
thereby preventing leakage. This seal is just as effective at higher in- 

30 jection pressures as it is at lower ones, because an increase in injec- 
tion pressure causes increased sealing forces to be developed at the an- 
nular rim. 

The forces F^, Fg and F^, F^, respectively, counteract each other, 
and primarily serve to make the molding material surround the fused mass 
35 22. The molding naterial flews around the fused mass and up to the seal 38, 
forming an integral tuft retaining structure having a C-shaped cross-sec- 
tion as viewed in Figure 4. 

The entire injection molding step, including injection and 
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hardening of the molding material to a degree sufficient to enable remo- 
val of the completed brush fran the nold, typically takes only about 20 
seconds • 

Following hardening, the bristle tufts 10 are removed from the 
5 index plate 14 by withdrawing the entire nold part 26 fran the index plate, 
as illustrated in Figure IE. The tufts are securely anchored in the har- 
dened plastic material 34 of the brush body fcy the integral retaining 
structures formed in the body around the fused masses 22 at the ends of 
the tufts 10. 

10 The nold part 26 is then opened, as shown in Figure 1F, by sepa- 

rating the cavity plate 30 from the mold core 32, enabling ejection of 
the finished brush fran the mold. As is illustrated in Figure 1G, ejec- 
tion is acccnplished by using knockout pins 40, 42 to push the brush body 
away from the mold core 32. The finished brush is illustrated in Figure 5. 

15 Although Figures 1F and 1G show the index plate 14 still in posi- 

tion at the injection molding station, this plate can be rotated toward 
the bristling station illustrated in Figure 1A at any time after the 
bristle tufts are removed fran the plate, as illustrated in Figure IE. 
This and other modifications can be made to increase the production rate. 

20 For example, a plurality of bristle receiving hole patterns can be pro- 
vided in the index plate, each moving to a different station as the plate 
is rotated. 

Fran outward appearance, the finished brush illustrated in Fi- 
gure 5 looks the sane as prior art brushes, unless the places where the 

25 bristle tufts enter the brush body are closely examined. Such an examina- 
tion will show the absence of supplementary bristle retaining neans such 
as the wire staples ccnnonly used in brush making, and it will show an 
unusually close fit of the body material to the bristle tufts. The unique 
configuration of brushes in accordance with the invention is more readily 

30 apparent in Figures 6A, 6B, 6C illustrating a variety of brushes which 
highlight an additional advantage of the invention. These figures show 
toothbrushes with bristle tufts having elongated cross-sections. The self- 
retaining feature, clearly visible in the cutaway portion of Figure 6A, 
enables unusually large tufts to be inserted, resulting in brushes having 

35 more densely packed bristles than are practical in prior art brushes. As 
illustrated in Figure 6C, it is even possible to produce a brush in which 
all of the bristles are formed into a single large tuft, to maximize brist- 
le density. 
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1 . A brush making process comprising the steps of : 

a) inserting at least one bristle tuft into a respective hole in 
a first mold member, such that a length of said tuft protrudes frcm a 
first side of said member adapted to form an inner surface of a mold cavi- 

5 ty for a brush body; 

b) fusing at least part of the protruding length of the tuft 
into a mass having a larger cross-section than that of the hole at said 
first side; 

c) mating the first mold member with a second mold member to 
10 define said mold cavity; arid 

d) injecting molding material into the cavity to form the brush 
body, said molding material pressing against said mass effecting plugging 
of said hole and flowing between at least the widest portion of the mass 
and said inner surface of the first mold member to form an integral tuft 

15 retaining portion of the brush body* 

2. A brush making process as in Claim 1 where said tuft is inserted 
in the first mold member by placing one end of the tuft into said hole at 
an opening in a second side of said member and then pushing against the 
opposite end of said tuft until it protrudes frcm the first side of said 

20 member by a predetermined length , and where the entire predetermined length 
is fused into said mass. 

3. A brush making process as in Claim 2 where said tuft is pushed 
ty a plate having a tuft contacting surface of predefined shape f said 
surface contacting the individual bristles at the end of the tuft and for- 

25 ming said end into a carplementary shape. 

4. A brush making process as in Claim 3 where said tuft end is far- 
med into a convex shape. 

5. A brush making process as in claim 3 where said tuft end is for- 
med into a conical shape. 

30 6. A brush making process as in claim 3 where said tuft end is for- 

med into a concave shape. 

7. A brush making process as in claim 1 where fusion of the protru- 

ding length of tuft is effected fcy heating said length. 
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8. A brush making process as in claim 7 where the protruding length 
of tuft is heated by applying a flame to said length. 

9. A brush making process as in claim 7 where the protruding length 
of tuft is fused fcy heating an inert gas and blowing the gas across said 

5 length. 

10. A brush making process as in claim 9 where the gas is nitrogen. 

11. A brush making process as in claim 7 where the protruding length 
of tuft is fused fcy ultrasonically vibrating said length. 

12. A brush making process as in claim 1 where fusion of the protru- 
10 ding length of tuft is effected by applying a solvent to said length. 

13. A brush comprising a molded body and at least one tuft of brist- 
les having an end thereof inserted in said body, characterized in that 
said end comprises a fused mass having a cross-sectional area greater than 
that of the tuft, said body being molded around said mass. 

15 14. A brush as in claim 13 where said cross-sections are circular. 

15. A brush as in claim 13 where said cross-sections are elongated. 

16. A brush as in claim 13 vHrxere all of the bristles of the brush 
are formed into a single tuft. 
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